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S ^SS ^ tf»sf« efe «hEx|| 3i IIH A| EH ggStBOII 50|Cf. £ ghgSJ ySEXII ^GHAIEI gg^SB, ShSHI }|gh &0II 

a, Mai^eie, m^^ ee^ asm ai¥S^ &o\\ axiaisi-a s«»°£mi, as*st m&m g^si^ eiaH sws^oi 

CH3£ 
£4a 



S All AH 

£ 2^ S ^S£J ^HHAIEHM B3IP £A|^ SBEOICK 

£38^ at a 011 021 a a as* Rueie 2^ ^^piohai ax-iai mm n bsi ^a^x^dis afboicl 

£ 4a a £ 4b^ ^ s we si eeoifOii dfaf &gg ^»sm agsho* bsi cam ^msx^ois Mae e^^°^ seaib 301a 



BBSI 

om. 

y^xii oiieai asisin ^o^soii caei, s^oiiai s^es^i ?ioH n^&mw ?m ^a^si a^oi q^psih sia 

. Ta 2 0 5 , Ti0 2 , Al 2 0 3 . Y 2 
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3, Zr0 2 , Hf0 2 , BaTiOa, SrTiOa if m ^ 



□ehu, oieh^ 2^211 die bh. mv\ 9hhhaieh°j §[?s^2^ Mgsie Mai^aie^Hi ^1 eifsf^ sxiigg bh a^ai, 

OII^CU &mm tts}^ EEi= 6Js*2r fjg ^ «xHEI § CHI Ai MEI^'EI^OI <^sf8^ ^XHIgOl D^OICf. OIM ^XlQ^I ?H 5H AH , £31 

eve ^£f^3f Mdi^ai^ moiou mm^m immo\ o\m &±s\ m^m turn §^§2^ m§§^ ^soi a\ss\o\ scf. 

01 ^XHISM mmo\l\ 9\m SE Ef^ a o^25 m¥2^M &OI^H^ ^sf£i3l OHEI^ MIJ, Oil^CU Pt. Ru, Ir ^3 SJ^OIU TIN msi 

g ^siee Afgafe asoi aia. nam, 01 an ^ m¥2^sj s^oii^ "xhisoi ^^t^o. oie e is &^mo< gg^o. 

£ ^ai^ Jieaoo) ^ ohi Ru^(no)e i^sf^ oim 2501c, 2^ ^jioiiah ^xhei°i- ^, n est ^Msxf^ois^^ m^m m&oi 

Ch £ 1 CHI AH 4- 91^ 0\ Ru^(110)2| SEOil ^&(tea*)3 ^3^(120)01 i^SQ. 015^ Ru0 2 ^, 0 3 £ 2i 6H Ru^(110)0| ^1|£|01 M£ 

9 >i oi a. oieh^. ruo 2 §§^(120)M^ ^, &im <^if^£j tj^e ^xm k ohjek Ru(no) s^ni ^s^si 3£ 

A| 34 5HHHAIEH2I glfAl^ 4- mm, ^S^OI }H^?¥M 3IEr &0il i!££li=r 3^(01I&CH, ^&!CH« 9i HH A| E1 Oil AH 21 

^01)011^ ;H^¥°J 5 r ¥0il£r ¥^2S ^2^01 §£3 XI SfOI- ^Itt^o^ o 2 mo| B^£S£ 0 | OH^ U^l 

^S0| OI^IQXr ofe 3fX]| 

^ ^SOI Ol^HXh m~ 3l#£| HUHI^ ^fif^M ^2^o S §^ ^£^1 §rX|£| 3H ilH A| EH Oil ^OUH, =^ Ajlf°{ t!£A| £Ei= ^ 

^§s[9i m¥S^oii ^sf^^m ^n\m ^ s*sa 5h hh ai eh m ggs^ ^§ xnige^ 5101 a. 

6*21 D\Mm mgoM ^\mO\ ^ gJgSJ ^£xHI 3H EH A| £H *J-£xH Dim &CHI 5[^2^i t^efe B3II, <i^g 3 

^ S^xilM ±±D[±^ m*!D\&mnmO\ Sf¥3^ &01I 2XHE.ISIM ^^6^ B^l. £PI SxHd|5| ^ CHI ^If^g 
B5II ^! ^sl^ ^011 ^¥2^1 l^m^ BD\\m S^EhCK 

^>0| Sf6fb Ta(OC 2 H 5 ) 5 SE^ Ta(OCH 3 ) 5 01 HH,^5hEf. 

g g^go] ^Al Oil CHI G> = 2, ^ SxHBI^S ^Ol y^x-il ^l&M U JI^ LH^ ei^ja^ B^l. ^^1 LH^ ^^6^ 2 

^SAI^I^ B^L ^>^l 2^X1IM ^>0| 61^2^ ^Oil ^ ^gA|3l^ BP1I ^ UI2I 2^X||g IIHXI A|3lfe &^|| 

01 m £21 S^6hOi g ^S^J d^^th ^AIOIIM ^SE^^AM. ^ ^Si ^^&IEf. 

^A| Oil 

£ 2^ S ^£X|I EH A I EH M 5EAI& tlEOICf. £ 2M S3, ^ 3H EH A| EH 21XH. «h£xHI ^IB &OII MSI^B-I 

sj^^ ^if^o^ s a^¥2^e ^^^a(B^i a). tj^^o^^ RUt Pt se^ ir ^oi oi ^i ah, ^^mmms 

TIN ^31 ^ V 0I BiJ ^^^1 gsfM^ ^£ 2A°U, (Ti.Ta)N^ ^0| m 0|^£j S^OI Hg^ ^sl^^ 4^ £ 2iCI. sj^^ §• a^i 

OICHAH, &OI 5|¥2^ &OII &mm SxHEI^M S^£[CK&^I b). ^>0| SxHEI^g &^M-^^°I l^M D\B 2^x11 M ^^^^ 

S SfS^I&esmol i^SCI. ^^^^M ^rSl S^XHI^^ Ta(OCH 2 H 5 ) £^ Ta(OCH 3 

) 5 eOl ^ISmCf. M^, 2 XH ai ^ 0I2JSJ DIE ^ ^XHEI^M A^g^ 4 s dl^CH, EIEI^(Ti) SxH£|St°j 3?, TiO(DPM) 2 U Ti(t 

-BuO) 2 (DPM) 2 2^xHIM A^mOl 4 s XI=3fe(Zr) 2xHE|^°J S^, Zr(OBu t ) 4 e°l S^xHIS A^5h01 4* 

^Ol 2xHEI°l^ &J\ &<nm S^xHIM ^^^^^ e^SI mm^D\&^^& (thermal chemical vapor deposition), e^g>^(At 

omic layer deposition) ^ ^ # (Sequential layer deposition)OII °I6H g^l ^ W^IAI. @!XhS e^^SOl^ If^^l^e^^J 

^§£^ d\b s 2 on if^s^Ai3ii2 ucHii ^r^^^s mxiAi^i ^ ^>oi ^^^^^¥eh mmmm mgmtt 

^SOICK ±±D[±?1 ^S^EHXISI AKDIMe ^^ofOI Bi6hfe ¥^I°J ii§§ HgtT 4= 01 ^SOHI £181-^, S!X|-# B^^ M^S 
oj ¥W)g 4, 2ioa^ o^sh eilES^i ^5! iiii g^fh 4= LH Oil M^M^I QH¥ ^^1 BCt. 2 

e^^^oi^r, 4^1 mx\m i^^si ^Htr§[ 5!^^, ^^^h^^h Jieoii a^rsi^ ^i^p^h sf^e^ ^b oh-ibk sai^ s^s s^m 

£^ ±±Dl±2\ S ^§& k £^AH, °[ AI-OIMOHI 01 EH ^H°l £W#0| mgS\D\l Bhfe ^SOIO. 01 61- Oil AH Ahg£|^ ^ 

e^^oiE^ goH^ ^#^S£ strm^ s\qi^ Mm&a. 

^^ICHl ^nHA|EH2|- ^01 3X\& ^51 i^fe 9HHHAIEH2J 3^ 2xHEI°|£i ^imoi §IXh# l^^Sl AllSfb ^0| br 

0I6I-CHI AH, §S[^§ MgofOi S ^g£| 2xHE|^M ggstb ^xHl^o^ ^gthEf. ®JS^ SE^ S^ilSf^ 

g 6h¥2^0l &h£xHI ^IBM Ui^ 21 ¥1. ^>0| LUS *!xHEI°t 

^^xhim ^gjthch. &d\ &mm s^xiib ^ie ^011 m% v ^ ee^ ^ei^ s^a^i ao.- oiohah, ^^i ^i^ lhchi mi\Dt±m 

ohOI ^>^l LHOil SfWSfb ^^^r^M HHXIAI^JEf. >^a.^^ ^°J-iHI|°| B^IM &.^5h01 4=^&°^AM, ^^1 ^¥2^ ^Oil ^^1 

SxHEI^IOI ii? shQ. Ah^| Ah0|M2| 4-fe 9HHHAIEH2J ^ EH Oil dfEf £§t|- 4^ Oil S EH , aJ&!CH« 3H HH A| EH 

2f ^01 OH^SI^blM ^zz m S^S^i S¥Oil^ 5^¥2^ 2 xHI Oil &mm 2xHEI°IOI i2¥ A^OIPSI 

4M s^^ai^i^ soi d^sima. 
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s ^ssi aaaiHrs a? a lh o«i s»b <^^si ^sskm 6j&stoi smb. ^ssi ^^^^g aissixi a k n. lh chi s 

B@ Af§5[°^ SS^Efe 0H¥ «^£|01. AhOIMSl S^SI^B g^A|9ICH£l£ ^12*30 SMEWS! ¥^IOili= HQXl 31 

BO. 

oiuiai. &21 garassi &»g m=?n\2\ i~2ooosccmoi s»s»a. &d\ ihxi d[±^ &± ee^ of§2§ Msmm, ^^^^ 1-20 

OOsccmOl BStfSI 100-600*0°] £££?iOilAH ^X|£|£r 3S0I d^SiSHH, BS6I2I g*s»g 0.1 - 30 torr^ ^ZI£J^ 

201 dursima. 

0|# tfftS »B0|| 2J8H BBS axHEWOI £PI a»E|aj- goil BBB 6i§W§ S«BCKB3II c). &mm ^»Sfg 

e^rsi sei= six^g aggteioii sish g^n 4* ach ^oi bits n^e ^ £±^sfe Ta(ocH 2 H 5 ) 5 

EE^ Ta(OCH 3 ) 

5 . SE^ TaCf 5 m Afgt 4* 21H. tt± ££3^£te H 2 0, H 2 0 2 , 0 2 . N 2 0 SEfe 0 3 ■ Afgsf^U, S OI&OI S»£|0| Mil ^ BO. 
AIBCHS ^HHA|Ei2f ^0| 3^£! ^51 Sffe ^HHAIE|2| 3¥ #SW2| &Xf£5^I ^OPI ^SH S»S i^Si M§5fb 301 

oi g*»B cfM^i so. 2x1, ^01 b&s aaa^oi s^b asai 5iee lh^ eiasm. ^01 bsai & 
^amoi ^>oi jib &oii s*fAiao. sj§ mzi s^i lhpj bss ±±j^b ihxiai^iiz. ^01 

6J± ^SlShOI £D\ DIB &0\\ B*frAIZ!0. 01 01 AH, ^31 S^B B^M %! tt± ±±D\±m HISAI^ BBM ttSW* t! 

g» ^ ao. 

01 21 AH, gSfjflSSI B^MISI SSgg 1~2000sccm,Ai± ±±Dl±2\ ^S^g 1 ~2000sccm0| SjSWO. £PI Hi XI 5^fe §^ 

5E£r = = S£| A«»Ot. 1~2000sccmOI SiSWO. #5 1 gtS4!9 100~600"C2J SEg?l01iAi ^X!£J^ 

301 dH^mm, &mM°\ 0.1 - 10 torr^ ^X|£J^ 30I b^2|6hQ. 

£ 2M &55f2, ^>^! 6isl^0l ^CHI ^¥2^1 l^e}Cf(E^I d). ^^1 ^¥2^2^ MBI^aiS, If^OI 

^e^si^u sx^sis^se mm tin §ei s^^^st- ee^ ru, ir, pt sis^oiu oim^j m&o>o\ ai§i 4= aia. 
Alan 1 

3^H2j gisi ^aie D\mm ^b\mo\, &j\ ^ ^ai^ ^oii teos^m s^sm, ^01 teosr &o\\ ° k 300 a ^^isi Ru^e i^siacf. 

OICHAH, RuS f a^oji Ta(OC 2 H 5 ) 5 M H^HIS SK)I 2xHB|^M SaSjaD. ^>0| HXHSISfS »A| ^ A| Oil Oil AH 

SlA>#^#^aoS Ta(OC 2 H 5 ) 5 ^S-*iHXI°J Ah 01 MM £.^6h0j A[0\m 10SJ, 100SJ, 200*1^ ^dl 

01 CM AH. y^^OIIAH 250°CHJ ^ XI 6^ AH ^91 SXH£|afO| ^ 6K>|| 0 3 S ^ai^AH ^| ^ ^£ie 

Ahoj RU Qie AiSfAi^m, ud\ *y^\\\ d\&9\ est ^Ahax^oisog 2f^a^a. Bmm^, Mo\m &^%*^&]= &&soi ^ ru^chi^ 
Ruo 2 °j ^ sisicf. sais, ioosi afoim^ axHai^e i^ti ^ie esi ^a^x^qish^ #st^ a^m £ 3011 

UEfLHSia. A^OIlAi » 4 s b^2f &0I, ^£IE 5|B(200)S| TEOSS|(210) &0\\ RuS[(220)S| 508 DH3?6^, £ 131- ^^^01 

<gm mmm ax-iaisioi si^ s^sf u\mm w, Ru^(220) ssoii ruo 2 ^oi ^^sxi 5§ ^ ^ sack oi^iah, r u ^(220) 

5^011 axHdl^(OISEA|)g H ^M(^ 10A 0H¥ gfD. 

Aiaoii 2 

^ ^gOII^ ^&1CH» 3H Hf] Al EH CHI AH 2} ^0| CM^^^HPF B M ^EH°J 5h¥S^ ^ CHI ^E^m S^OII 2/ 01 AH, Ru^i ^ CHI 2 

^IB ^Oil TEOS 12^1 i^M 01 M HHEiymOl CH^^MbPh ^ 150 ^^!CHS l^Vi 1^6^CK 12^ ^011 R 

u^m l^mil, OICHAH, Ru ok Ah on Ta(OC 2 H 5 ) 5 M d±±J[±^ B[0\ ¥±M J\^& s ^goj 2 xH Bl ^ i^^g, = &X\B 

soil 2J8H 2xHEi°te ^^maQ. axHEist §^ai a^xii ^s^hxisj ai-oib= 100H2I Ahoiee ^emstch oich ah, ^oi hi- 

§1 >IS! ^ CHI Ta(OC 2 H 5 ) 5 S ^^^^^ 5f2, 0 3 S mo\ S!XhS 5Jgg>^e MgmOl 250 roil AH AJU^M 

g^5fSCf. 01 £f ^01 Xj|^& ?|B2J ;H^P¥ EfSi ^A^X^DIS ^^6^CK ghB, S ^SUf^J dime ^5f01 ^Oil TEO 

£ 4a ai £ 4b^ axnaiei s^ufse ^lenF axnai^ >ixi xi &a ^ibsi ^h^¥ 00s ax^ois a^°i 

^SOICK £ 4a £ 4 b Oil AH S^¥lb Q±m XIHthD. 

£ 4aS SB. RuSK310) STOII BflSie«330) »s! 6.^^(340)01 ;H^P¥(350) ^¥ gJ 6h¥0ilAi 3^6^l M 

g& £10, £ 4b°i 3^, 6ilf^(340)0| 9H^?¥(350) 6h¥0ilAH^ X2J §^£|X| Sf^^CII. 0|fe ^^oj Ru q 2 ^§(320)^01 ^XH8^ 

CHI ^I0EI ^ 4 s SICK 0|5| AH £g£JXI 300B TEOS^M UEItHCK 

S ^"S Oil fffS0 t Ahsl^e ^2^2S m^r ^£xil SxISJ xshaieioii 2^01 AH, Mdl^BI^, sJ^^ £^ ^sl^ m¥2^ ^Oil 

axnai^M ^^i^^^am, ^ ^sf^ g^a^ a_^^ 01^ ^ ¥S ^ 0 | ^sia^ ^xii k 4* ^ai 3xm ^5es ^xm 

0i^51|^b|5f g 3H EH AI EH Oil 2>[OiAH, 6^¥2^Hi 50011 2§ l^&o^MI, ^¥2^2J Ah^f^ oi§h Ahgf^ ¥?iOil A^m 

01 ^^axi sfrot Ah^Qhoj exh££Ajoi utimxife s^e ^x-iim^Qi s^^oici. 
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a) BE»| D\& gO\\ gSSfe B3I: 

b) <*±m m&ms= m=?mm ®% v D\&m^o\o\ &d\ m^m^ sb &oii ax-iams ggsfe 

c) £31 34 asais, 1, 4KHI 3^ £h»sJS ggmfer B3I; §J 

d) £PI 34 #011 ^¥2^1 g^Shfe E+^IS S»8*te ?1IIHA|Ei2] g«»gj. 
S?S2. 

m 1 soil &ouh. 6Pi »ai6i£iest, si34^, S4§!&gsisEfe o\ms\ ^^°iei ^§2s »t »£» 5hiihaieh°j ggy 

a. 

HI 1 SOil SiCHAH, &3I sjg^g Ru, Pt, SE^ Ir ^ Oil AH £SJ@ CH^ 5fU2J 34B 5!S Shte 9iHHA|Ei£J g&^g. 

S^PS 4. 

HI 1 SOil 21 01 AH, 34g S»»te 51M ^J2§ BSE^I ^IIHAIEiSI gggjg. 

HI 4 SOil SiOiAi, &D\ 34 H^HIfe Ta(OC 2 H 5 ) 5 SE^ Ta(OCH 3 ) 

5 B 51M ^§2£ 5H= ^£1 ^HHAIEiSI ga&g. ___ 

□3 

s=ps6. rn 

HI 1 SOil ^OUH, £PI Ti, Ta SEi= W°J HsfMB 51 M Shfe B£*ll 3H HH A| EH HJ SS&S. 



CO 



S?S7. > 

HI 1 SOil &OUH, &2I b) B3fe !< 

e) &:>i bs*ii j\mm lh^ aiswfe b*i; ^ 

f) 40I «J§^ Ui^ <^^M SSSte 34 S?»l» ^2JA|9|£r B3I; CD 

g) «3| 34 a?Ha ^Oil &£!» §J ttgA|3lfe B3I; S m 

h) LH2J 34 S^XllS HHXI A|3|^ B3IM S»8ffe 51 M ^S2S »fe B£*ll 5HHHA|Ei°l g£»g. 



O 

o 



S=?» 8. 

HI 7 SOil SiOUH, &J\ 34£ SS5^ 51 # iS25 8fe 51M ^S2S offe »£ESI ^HHAIEiSj gg»S. 

S?S9. 

HI 8 SOil &OUH, &3| 34 aq?Slte Ta(OC 2 H 5 ) 5 SEi= Ta(OCH 3 ) 
5°i 5<§ 5^ BE 31 ^UfflAIEISJ S^SS. 

a?» 10. 

HI 5 SOil &OiAH, 6PI f) B3I LUXI g) B3!S B^6hC* ^SSKH 34 2xH£I^S S^6f^ 51 M ^S2g Sfe BSXII 3iuHA|Ei£i S«&S. 

a^s 11. 

HI 5 SOil 2J0i AH , &D\ f) B3I LHIj h) B 3! Oil AH £E£r 100 ~ 600 ^ 21 51 e ^S^^ 6fe «|£xHI ^EHAIBSJ S^^S. 

12. 

HI 5 SOil 2/OUH, ^Ol h) B5II2I IHXP^^ §4: 0^^ 51 e l§2^ 5fe ^HHAIEiSJ S^^S. 

S?» 13. 

HI 1 SOil SiOiAH, ^>0| c) B^ll^ 

=^ SxHai^OI S^S ^£HI ^IBM ^1^ LH^ BSoh^ B^ll; 
^Ol yi^' Ui^ ^^^h^M gSSfOj PIB ^Oil SS[AI5I^ B^ll; 

^,^1 &m*£ ui^ &± ±±D[±m ^mo\ j\b &oii m%iM3\z= b^c s 

^Ol ^^^^ S ^4: ±±ll±W BgAl^j 6hsfo|s g^s^ B^IM SSSfe 5IM ^§2^ Sfb B£x-il ^HHAIEiSJ S^ 

14. 

hi 13 soil sioun, ±±j\±$= &mmm ssm^ 5ie ^§2? bs^i ^hhaiehsj s^ss. 
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15. 

M 14 SOII 21Q\M. &D\ ±±D[±£: Ta(OC 2 H 5 ) 5 SE^ Ta(OCH 3 ) 

5 TaCl 5 eOllAI 6hU 0\&m M§gfb Sf^ ^ EH Al EH SJ gg^S. 

S^S 16. 

HI 13 SOII SICHAi, &3| &± ±£3*££fe H 2 0, H 2 0 2 , O z , N 2 0, SE^ 0 3 CHI A] 8m OI&§ A[§5fb 5»g ^d°5 6fe «[£x|| ^ 

HHAIH2I 94ttH. 
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(b) i'fl ^Aiaiot 






(c) EfSfi ft»afot ?jah 
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